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Variable  
Source 

Propagation 
To Observer 

Photon 
Detection 

  Luminosity: random  
      or deterministic 
  Photon Emission  
Independent Random  
Process (Poisson) 

 Random Detection  
of Photons (Poisson) 

Correlations in source luminosity do not  
imply correlations in time series data! 

 Random  
Scintillation,  
Dispersion, etc.? 
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How best to measure Energy-Dependent Lags? 

The data:  time and energy tagged  --   ti   Ei   i = 1, 2, ... , N 

Usual approach:  Bin the data in both time and energy 
   Find peak in cross-correlation function (across E bands) 
Entropy approach 

  define transformation of time:  t'i = f( ti ) = ti + L(θ, Ei ) 
   (lag L is a function of a parameter θ) 
   
If θ is other than the correct value, the light curve for the transformed 
times will be smeared out.  Hence the entropy of the light curve will 
be minimum for the correct value: 

 θ optimum =  argmin[ Entropy ( histogram(  ti + L(θ, Ei ) )  ] 

    lag estimate is then just  L(θ optimum, E ) 
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Fermi Gamma-Ray  
Burst GRB090510  
observations limit  
variation of  
speed of light  
with energy 

Nature, In Press  
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Correlation 
Function 

Fourier 
Power 

Wavelet 
Power 

Structure 
Function 

Auto 

Cross 

✔ 

✔ 

✔ ✔ ✔ 

✔ ✔ ✔ ✔ 



Cross- and Auto- Correlation 
Functions for unevenly spaced data 

Edelson and Krolik: 

The Discrete Correlation Function: a New Method  
for Analyzing Unevenly Sampled Variability Data 
Ap. J. 333 (1988) 646 













All of this will be in the 

Handbook of Statistical Analysis of Event Data 

… funded by the NASA AISR Program 

MatLab Code 
Documentation 
Examples 
Tutorial 

Contributions welcome! 
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